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INTRODUCTION 

Throughout the market-cream industry much difficulty is en- 
countered by producers in preparing and marketing cream on 
account of variations in what is commonly referred to as " body ". 
Consumers judge the quality of their cream supply mostly by its 
appearance ; if the cream seems to be heavy or thick, its appearance 
is taken to indicate a high butterfat content, and vice versa. There- 
fore it js to the best interest of the dairies to supply a product 
which is uniform in appearance day after day. Dairies are attempt- 
ing to do this and at the same time to supply a product with a good 
body. However, there is a tendency for the body of cream to vary 
even when the cream-handling processes are the same. 

The experiments reported in this bulletin were made in order to 
determine, if possible, some of the causes for the variations in the 
body of cream, body being an important commercial factor. The 
body of cream, as determined by capillary flow, is reported through- 
out this work as viscosity. The fact that cream at the higher fat 
concentrations and lower temperatures gave indications of pseudo- 
plasticity has not been considered. 
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METHOD USED FOR MEASURING VISCOSITY 

Viscosity may be defined as the internal friction of a liquid, the 
resistance to shear or flow. Usually it is measured by an instrument 
called a viscosimeter or viscometer, which permits a certain volume 
of liquid to discharge through a short capillary tube.    The time of 

discharge is recorded in seconds. 
When the same instrument is used 
purely as a relative measure for 
the direct comparison of different 
liquids, the time of discharge in 
seconds makes an accurate compari- 
son. If the make of instrument is 
stated and well known, the time in 
seconds may be used for the deter- 
mination of viscosity with refer- 
ence to a particular standard. 

In this work an instrument simi- 
lar to the standard Saybolt viscom- 
eter was used, the main difference 
being that the orifice, which was 
0.07 inch in diameter, was remov- 
able. (Fig. 1.) The viscometer held 
70 cubic centimeters of liquid, and 
the time required for the discharge 
of the first 60 cubic centimeters was 
recorded in seconds. For the main- 
tenance of constant temperatures, 
the viscometer was surrounded by 
a water bath. The temperature 
was determined by a thermometer 
passed through the lid of the vis- 
cometer into the center of the liquid 
within the viscometer. The results, 

which in nearly every case represent the average of at least 25 deter- 
minations, are recorded herein as relative viscosity, which may be 
defined as the relative internal friction of a liquid, and determined 
by taking that of water at the same temperature as equal to 1. 

METHOD USED FOR MICROSCOPIC STUDIES 

On account of the vast number of fat globules in cream it was 
necessary to dilute the cream before making a microscopic study. 
In this work the cream was diluted with a solution which was simi- 
lar to that used by Van Dam and Sirks {10)} This solution con- 
sisted of 11/2 parts of gelatin dissolved in 100 parts of water, to 
which phenol was added to make the solution 1 per cent phenol. 
This made a very satisfactory diluent, as the gelatin held the fat 
globules, thereby preventing the " Brownian movement." The phenol 
acted as a preservative agent, keeping the microscopic slides constant 
for a longer period and thus permitting a more accurate comparison 

FIGURE 1.—Diagram showing orifice 
of the viscometer used in determin- 
ing the viscosity of cream 

^ Italic numbers in parenthesis refer to Literature Cited, p. 18. 
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of different slides. In this work the cream was diluted by using 1 
part of cream to 100 parts of solution. In order that the amounts 
of cream on the slides would be comparable, a platinum loop was 
used to transfer a drop of the mixture to the slide. This drop was 
then covered with an ordinary cover glass. 

FACTORS AFFECTING VISCOSITY 

One of the main factors affecting the viscosity of cream is the 
physical state of the butterfat therein. The butterfat of fresh cream 
occurs mainly as individual globules, ranging in diameter from 0.1 
to 22 microns. However, the greater number are below 10 microns, 
3 microns being given by most investigators as the average size. The 
cream used in this investigation was, unless otherwise stated, centrif- 
ugally separated from the mixed milk of a herd consisting of Hol- 
stein, Jersey, and Guernsey cattle. The fat globules in 50 different 
samples of the cream averaged 3.19 microns. 

There is a tendency for the fat globules to coalesce or to adhere to 
one another, forming aggregates or clumps. The degree of clumping 
depends largely upon temperature, size of globules, and agitation. 
Investigators agree that maximum clumping takes place at 7° to 
8° C, and that above 60° little or no clumping occurs. 

The larger fat globules apparently clump more readily than the 
smaller ones, for a microscopic examination of cream shows that the 
clumps contain but a very small proportion of the smaller fat 
globules. The fact that the fat remaining in skim milk is mostly in 
the form of globules less than 3 microns in diameter, indicates that 
the smaller globules have less tendency to coalesce. 

As it is necessary for the globules to come into contact with one 
another before they can coalesce, agitation at temperatures favorable 
to coalescence increases the degree of clumping, whereas agitation at 
temperatures unfavorable to coalescence tends to disperse the globules 
or to separate the clumps previously formed. 

^ Any factor which affects the clumping of fat globules affects the 
viscosity of cream. The clumping of globules begins in milk before 
separation. Centrifugal separation undoubtedly breaks up or dis- 
perses many of the clumps previously formed and at the same time 
forms many new clumps. Likewise, the various processes through 
which cream passes before reaching the consumer may alter the 
clumping of globules and thereby affect the viscosity of the cream. 

EFFECT  OF BUTTERFAT CONTENT AND  TEMPERATURE 

Whitaker, Sherman, and Sharp (W) report that the viscosity of 
skim milk decreases as the temperature is raised. Dahlberg and 
Hening (8) report that increasing the percentages of fat in milk 
and cream always increased the viscosity of the milk or cream, but 
the effect of increasing the amount of the fat was most marked when 
the cream contained 20 to 35 per cent fat and was aged but not 
pasteurized. 

In the work reported herein the viscosity of cream increased as the 
butterfat content increased. The higher the butterfat content the 
more marked was the increase in viscosity with further increase in 
fat content.    This was true especially when the measurements were 
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made at a low temperature, for the viscosity of cream depends upon 
its temperature. The viscosity was lower at the higher temperatures. 
The decrease ^n viscosity was rapid until a temperature of about 
32° C. (the melting point of butterfat) was reached. Heating the 
cream above the melting point of butterfat caused either a gradual 
decrease or practically no change in viscosity until a temperature 
of 80° was reached. At 80° a slight increase in viscosity took place. 
(Tables 1 and 2, and figs. 2 and 3.) 

TABLE 1.—Effect of butterfat content on the viscosity of rato cream at 20° C. 

Butterfat (per cent) 
Relative 
viscosity 

Butterfat (per cent) Relative 
viscosity Butterfat (per cent) 

Relative 
viscosity 

18 1.42 
1.47 
1.55 
1.63 

26               -     -      1.72 
1.85 
2.03 

32  2.28 
20 28       34  2.60 
22 30       _    ---    -      36  3.13 
24          

TABLE 2.—Effect of temperature on the relative viscosity of cream 

Relative viscosity of— 

Temperature 
(°C.) 

Relative viscosity of— 

Temperature 
(^C.) 20 per cent 

cream 
30 per cent 

cream 
40 per cent 

cream 
20 per cent 

cream 
30 per cent 

cream 
40 per cent 

cream 

5 2.07 
L86 
L66 
L51 
L40 

L35 
L29 
1.27 

3.87 
2.57 
2.35 
2.03 
L81 

1.65 
1.53 
L48 

20.10 
n.46 
9.74 
4.82 
3.29 

2.38 
L99 
1.86 

45  L26 
L24 

L24 
L24 
1.24 
L24 
1.24 
L25 

1.45 
L44 

1.42 
1.41 
L40 
1.39 
1.39 
1.40 

1.79 
10 50  1.75 
15             __--_- 

55  20 1.71 
25 60  1.68 

65 1.66 
30 70  L64 
35 75  1.64 
40 80  1.66 

^.O 

k 

I 
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FIGURE 2.—Effect of butterfat content on the viscosity of raw cream at 20° C. 

EFFECT OF AGE UPON VISCOSITY 

Aging cream at a low temperature (5" C.) increased its viscosity. 
The greatest increase took place during the first 24 hours of aging, 
and at 48 hours the maximum was approached.   A further, but very 
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gradual, increase in viscosity resulted from aging the cream longer 
than 48 hours. The increase in viscosity due to aging was greater 
for cream with a high butterfat content than for cream with a low 
butterfat content. 

The increase in viscosity due to aging was greater with raw cream 
than with pasteurized cream. Pasteurizing the cream not only low- 
ered the viscosity, but the effect of pasteurization was such that unless 
the cream had a high butterfat content, aging for 96 hours did not 
restore the cream to its original viscosity. 

I 
■^'S. 

-.^ 
/¿? ^Û ^o SO ^û so eo 

FIGURE 3.—Effect of temperature on the viscosity of 20 per cent cream 

SÛ 

Homogenization increased the viscosity of both raw cream and 
pasteurized cream. The rate of increase in viscosity with age, how- 
ever^ was somewhat less for raw homogenized cream than for pasteur- 
ized unhomogenized cream. Contrary to the work of Sherwood and 
Smallfield (-/7), who state that the rate of increase in viscosity 
with age of a pasteurized homogenized cream is much greater than 
that of a pasteurized unhomogenized cream, the viscosity of pasteur- 
ized homogenized cream did not increase with age. (Table 3 and 
fig. 4.) 

TABLE 3.—Effect of age upon the relative viscosity of creaw. 

Character of cream Butter- 
fat 

Tem- 
pera- 

ture of 
cream 

Relative viscosity 

Fresh At 3 
lieurs 

At 24 
liours 

At 48 
hours 

At 72 
hours 

At 96 
hours 

Raw-__   
Pasteurized  
Raw  
Pasteurized  
Raw, homogenized at 2,000 pounds  
Pasteurized,   liomogenized  at  2,000 

pounds  

Per cent 
20 
20 
30 
30 
20 

20 

5 
5 
5 
5 

20 

1.70 
1.48 
2.55 
2.35 
2.12 

1.92 

1.80 
1.51 
2.84 
2.44 

1.98 
1.54 
3.93 
2.56 
2.13 

1.92 

2.05 
1.56 
4.49 
2.07 
2.14 

1.92 

2.14 
1.59 
4.70 
2.75 
2.15 

1.92 

2.21 
1.61 
4.83 
2.79 
2.19 

1.92 
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The increase in viscosity of cream with age was accompanied by 
an increase in the clumping of fat globules. The clumping of fat 
globules was slightly more pronounced in raw cream than in pas- 
teurized cream; and the additional clumping of fat globules with 
age was more pronounced in raw cream.    (Pis. 1 to 4, inclusive.) 

The increase in viscosity due to the clumping of fat globules was 
reported hj Babcock (^). He concluded that, although the globules 
in the clumps are not very firmly bound together, the clumps have, 
under ordinary conditions, sufficient stability to add very consid- 
erably to the consistency of milk. However, factors other than the 
clumping of fat globules may enter into the increase in viscosity of 
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FIGURE 4.—Effect of age upon the viscosity of cream 

cream with age, for Bateman and Sharp {6) found an increase in 
viscosity of skim milk with age; and Dahlberg and Hening {8) re- 
ported that aging greatly increased the viscosity of most of the rich 
cream and also had some effect even upon skim milk. 

EFFECT OF PASTEURIZING TEMPERATURE 

Babcock and Russell [S, ^), WoU {22), Steiner {18), Evenson and 
Ferris {IS), Dahlberg and Hening {8), Whitaker, Sherman, and 
Sharp {W), and others, found that the viscosity of milk and skim 
milk is lowered by pasteurization. Some of these investigators, how- 
ever, reported an increase in viscosity at the higher pasteurizing tem- 
peratures. Achard and Stassano (i), disagreeing with the majority, 
reported a slight increase in the viscosity of milk when pasteurized. 

The work of the present writer indicated that, although pasteuriza- 
tion lowered the viscosity of cream, the temperature at which the 
cream was pasteurized had but little effect upon viscosity.    Cream 
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with a butterfat content of 20 per cent had practically the same vis- 
cosity when pasteurized at 80° C. as when pasteurized at 62.5°. The 
effect of the pasteurizing temperature was somewhat more pronounced 
with cream having a butterf at content of 30 per cent than with cream 
containing only 20 per cent butterfat. With 30 per cent cream, how- 
ever, the difference in the viscosity of cream pasteurized at 80°, as 
compared with cream pasteurized at 62.5°, Avas too small to be of 
practical importance.    (Table 4 and fig. 5.) 

TABLE 4.—Effect  of pasteurizing  temperature upon  the  relative  viscosity of 
cream 

Butter- 
fat 

Relative viscosity 

Pasteurizing temperature °C. 

Fresh At 3 
hours 

At 24 
hours 

At 48 
hours 

At 72 
hours 

At 96 
hours 

62.5    
Per cent 

20 
20 
30 
30 

1.48 
1.45 
2.35 
2.10 

1.51 
1.51 
2.44 
2.22 

1.54 
1.54 
2.56 
2.43 

1.56 
1.56 
2.67 
2.53 

1.59 
1.59 
2.75 
2.58 

1.61 
80   1.61 
62.5 2 79 
80  2.60 

^.ÛÛ 
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FIGURE 5.—Effect of pasteurizing temperature upon the viscosity of 30 per cent cream 

GRAVITY-SEPARATED   CREAM   AND   CENTRIFUGALLY   SEPARATED   CREAM 
COMPARED 

The writer found gravity-separated cream to have a higher vis- 
cosity than centrifugally separated cream of the same butterfat con- 
tent. The gravity cream was obtained by using a gravity-separation 
can 18 inches high and 8^ inches in diameter. The milk was held 
at a low temperature by placing the can in a large tank with suffi- 
cient ice and water around the can to extend above the height of the 
milk in the can. Samples of centrifugally separated cream and skim 
milk from the same mixed milk as was used in the separator can 
were suspended in the ice water, thus assuring the same storage con- 
ditions. The gravity-separated cream had an average butterfat con- 
tent of 21.3 per cent. The centrifugally separated cream was stand- 
ardized to the same butterfat content and the viscosity determinations 
were made 24 hours after the milk and cream were placed in the 
ice water. 
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Viscosity determinations at various temperatures (from 5° to 80° 
C.) showed the gravity-separated cream to have a slightly higher 
viscosity than centrifugally separated cream at the same temper- 
atures. (Table 5 and fig. 6.) A microscopic study of the creams 
showed a greater degree of clumping of fat globules in the gravity- 
separated cream. This was probably due to the fact that the clumjp- 
ing of fat globules is closely associated with cream rising. The 
clumps thus formed during the 24-hour period of cream rising are 
more pronounced than those produced by centrifugal separation and 
subsequent aging for 24 hours. 

TABLE 5.—Viscosity of gravAty-separated cream as compared tvith centrifugally 
separated cream 

Temperature 
^      CC.) 

Relative viscosity 
of— 

Temperature 
CO.) 

Relative viscosity 
of— 

Temperature 
CC.) 

Relative viscosity 
of— 

Gravity 
cream 

Separator 
cream 

Gravity 
cream 

Separator 
cream 

Gravity 
cream 

Separator 
cream 

5 
10 
20 

2.21 
2.10 
1.74 

1.96 
1.90 
1.58 

30 
40 
50 

1.35 
1.33 
1.29 

1.28 
1.25 
1.24 

60 
70 
80 

1.27 
1.26 
1.26 

1.22 
1.21 
1.22 

^.^^r 

SO '^Cf SO SO 

FIGURE 6. -Viscosity of gravity-separated cream as compared with centrifugally 
separated cream 

EFFECT OF STANDARDIZATION 

Standardizing cream to a specific butterfat content had practi- 
cally no effect on viscosity, whether the cream was standardized 
from a higher to a lower, or from a lower to a higher butterfat con- 
tent. (Table 6.) Cream with a butterfat content of 20 per cent 
had practically the same viscosity when prepared by standardizing 
with skim milk either cream which had an average butterfat con- 
tent of 27.1 or 43.5 per cent. A mixture of milk and cream witlj an 
average butterfat content of 13 per cent standardized to 20 per cent 
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with cream having an average butter fat content of 34.7 per cent 
had a slightly higher viscosity than cream containing a higher but- 
terfat content standardized to 20 per cent with skim milk. The dif- 
ference in viscosity, however, was so small as to be of no practical 
importance.    (Table 6.) 

TABLE 6.—Effect of standardization upon tlie viscosity of 20 per cent cream 

Preparation of cream Relative viscosity at temperature of — 

Standardized from— Standardized with— 5°C. 10° C. 20° C. 30° C. 40° C. 50° C. 60° C. 70° C. 80° C. 

27.1 per cent cream  
43.5 per cent cream  
13.0 per cent cream  

Skim milk  
 do  
34.7 per cent cream  

1.78 
1.76 
1.82 

1.69 
1.63 
1.70 

1.44 
1.41 
1.49 

1.36 
1.33 
1.42 

1.28 
1.27 
1.32 

1.25 
1.23 
1.29 

1.24 
1.23 
1.27 

1.23 
1.22 
1.26 

1.23 
1.22 
1.26 

EFFECT OF FREEZING 

Investigators agree that the effect of freezing upon normal cream 
is mainly that of destroying its physical structure, especially that of 
the fat system. A separation of free fat results and this becomes 
more marked with an increase in the fat concentration. Bateman 
and Sharp (S) found that frozen skim milk held for one day de- 
creased in viscosity, but after it had aged in the frozen state for 
several days the viscosity increased to nearly that of the fresh 
sample. 

In the work reported here the relative viscosity of cream with a 
fat content of 20 per cent was lowered 4.05 per cent by freezing. 
It was necessary to thaw the cream slowly and at a temperature just 
above the melting point of the fat, in order to prevent the flaking 
of protein and separation of free fat. Frozen cream with a fat con- 
tent of 30 per cent could not be thawed without separation of fat to 
such an extent that accurate viscosity measurements were impossible. 
The viscosity of 20 per cent cream which had been frozen increased 
slightly upon aging. Aging for 96 hours increased the relative vis- 
cosity only 4.82 per cent (when the viscosity determinations were 
made at 5° C.) as compared with an increase of 30 per cent for 
similar cream which had not been frozen. Microscopic examina- 
tion showed that regardless of age the fat globules remained sepa- 
rate and distinct, indicating that the ability of the globules to 
coalesce had been destroyed. 

EFFECT  OF ACmiTY 

Increasing the acidity up to and including 0.3 per cent had prac- 
tically no effect on the viscosity of 20 per cent raw cream. When 
the viscosity determinations were made at 5° C, an increase in 
acidity from an average of 0.202 per cent to an average of 0.254 
per cent slightly increased the viscosity, but a further increase in 
acidity to an average of 0.3 per cent resulted in no additional in- 
crease in viscosity. When the determinations were made at 30°, 
increasing the acidity of the cream to 0.3 per cent had no effect on 
viscosity. At 62.5°, increasing the acidity to 0.254 per cent had no 
effect on viscosity, but a further increase in acidity to 0.3 per cent 
resulted in a slight increase in viscosity. (Table 7 and fig. 7.) 

52032°~-31 2 
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TABLE 7.—Effect of acidity upon the viscosity of 20 per cent raw cream 

Acidity (per cent) 

Relative viscosity at— 

5°C. 30° C. 62.5° C. 

0.202   
.254  
.300  

2.01 
2.11 
2.12 

1.31 
1.32 
1.32 

1.22 
1.22 
1.27 

It therefore appears that acidity up to and including 0.3 per cent 
has practically no effect upon the viscosity of normal cream. This 
is in agreement with results obtained by Doan (i^), who reports that 

changes in the acidity 
of the plasma had but 
little influence upon the 
clumping tendencies of 
fat exhibited in mix- 
tures of normal milk 
and cream when ho- 
mogenized. 
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-Effect of acidity upon the viscosity of 20 
per cent raw cream 

EFFECT OF COOLING 

The viscosity of 
cream is affected by the 
rate of cooling. When 
raw cream with a but- 
terfat content of 20 per 
cent was permitted to 
cool slowly, by packing 
in ice, from a separat- 
ing temperature of 26° 
to 5° C., the relative 
viscosity was 1.71 per 
cent higher at 5° and 
1.82 per cent higher at 
10° than the viscosities 
obtained at these tem- 
peratures for similar 
cream   cooled   rapidly 

with a surface cooler. Cream with a butterfat content of 30 per 
cent, which was cooled slowly, had a relative viscosity higher by 2.47 
per cent and 1.82 per cent at 5° and 10°, respectively, than the rap- 
idly cooled cream. 

The slow cooling of pasteurized cream from a pasteurizing tem- 
perature of 62.5° to a temperature of 5° C. had a more pronounced 
effect on viscosity than did the slow cooling of raw cream. Pas- 
teurized cream with a butterfat content of 20 per cent, when cooled 
slowly, had a relative viscosity 3.13 per cent higher at 5° C. and 2 per 
cent higher at 10° than similar cream cooled rapidly. Pasteurized 
cream with a butterfat content of 30 per cent, when cooled slowly, 
had a relative viscosity higher by 5.18 per cent and 3.5 per cent at 
5° and 10°, respectively, than had similar cream when cooled rapidly. 
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Pasteurized cream with a butterfat content of 30 per cent, when 
cooled slowly from a pasteurizing temperature of 62.5° to 45° C. and 
then cooled rapidly to 5°, had a relative viscosity 1.21 per cent higher 
at 5° and 0.84 per cent higher at 10° than when the cream was cooled 
rapidly from the pasteurizing temperature to 5°. When the cream 
was cooled slowly to 30° and then rapidly to 5°, its relative viscosity 
was 3.93 per cent and 2.68 per cent greater at 5° and 10°, respectively, 
than when the cream was cooled rapidly. 

The cooling of fresh raw cream just before pasteurizing had prac- 
tically no effect on the relative viscosity of the pasteurized cream. 
Cream with a butterfat content of 30 per cent cooled to 5° C. before 
jjasteurizing had a relative viscosity only 0.39 per cent greater at 5° 
and only 0.89 per cent greater at 10° than similar cream not cooled 
below the separating temperature before pasteurizing. 

These results indicate that where cream with a high viscosity 
is desirable the better method is to cool the cream slowly. This 
applies to the cooling of raw cream and to an even greater extent 
to the cooling of pasteurized cream. In the case of pasteurized 
cream, partial cooling at a slow rate followed by rapid cooling also 
increases the viscosity as compared to rapid cooling. Whittaker, 
Archibald, Shere, and Clement (21) found that milk cooled in tank 
or vat pasteurizers from the pasteurizing temperature to 10° C. 
showed a small cream volume. Cooling milk in the tank or vat to 
approximately 45° and then cooling it quickly to below 10° over a 
separate cooler resulted in a large cream volume. The small cream 
volume on the milk which was cooled slowly may have been due 
to the amount of agitation necessary to prevent the formation of a 
cream layer during the cooling period. In the experiments reported 
here, cream which was cooled slowly was not agitated while cooling. 

A microscopic study of the cream showed that the fat globules 
were clumped to a greater extent in cream which was cooled slowly 
than in cream which was cooled rapidly. The increase in relative 
viscosity due to cooling the cream slowly to 45° C. indicates that the 
clumping of fat globules takes place, at least to a slight degree, above 
this temperature. The greater increase in relative viscosity with 
slow cooling to a lower temperature also indicates that clumping 
takes place to a more marked degree at temperatures below 45°. 
The rapid cooling does not allow enough time for the fat globules 
to clump to a marked degree, and the sudden cooling to a low tem- 
perature apparently has a tendency to harden the globules and to 
destroy their ability to coalesce. 

EFFECT OF SEPARATING TEMPERATURE 

Dahlberg and Hening (8) demonstrated that the viscosity of 
cream of any percentage of fat could be greatly altered by the condi- 
tion of the fat at the time of separation. The writer's work showed 
that the viscosity of cream is affected by the temperature at which 
the cream is separated. Raw cream with a butterfat content of 30 
per cent, separated from milk at 18° C, had a relative viscosity 14.45 
per cent higher at 5°, and 10.24 per cent higher at 10° than cream 
at these temperatures which had been separated from similar milk 
at 36°. 
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EFFECT  OF  STORAGE  OF  MILK 

The viscosity of raw cream is affected by the time and tempera- 
ture of storage of the milk before separation. Raw cream with a 
butterfat content of 30 per cent, separated from milk which had 
been stored three hours at 4° C. had a relative viscosity 14.16 
per cent higher at 5°, and 12.23 per cent higher at 10° than cream 
which was separated from similar milk stored at 18° for three hours. 
When the milk was stored for 12 hours before separation, the cream 
from that stored at 4° C. had a relative viscosity 12.2 per cent and 
9.65 per cent higher at 5° and 10°, respectively, than cream from 
the milk stored at 18°. 

When the milk was stored at 4° C, increasing the time of storage 
before separation from 3 hours to 12 hours increased the relative 
viscosity of the cream 4.96 per cent at 5°, and 2.17 per cent at 10°. 
When the storage temperature WRS 18°, increasing the time of storage 
from 3 hours to 12 hours increased the relative viscosity of the cream 
6.8 per cent and 4.28 per cent at 5° and 10°, respectively. 

The increase in viscosity of raw cream due to storage conditions 
was not entirely lost when the cream was pasteurized. Pasteurized 
cream with a butterfat content of 30 per cent from milk which had 
been stored at 4° C. for 12 hours had a relative viscosity 3.52 per 
cent higher at 5°, and 3.22 per cent higher at 10° than when the cream 
was obtained from similar milk stored at 18° for 12 hours. The 
decrease in relative viscosity due to pasteurization was 44.44 per cent 
at 5°, and 40.26 per cent at 10° for the cream separated from miik 
which had been stored for 12 hours at 4°, as compared with 39.79 
per cent and 36.55 per cent at 5° and 10°, respectively, for the cream 
separated from milk which was stored for 12 hours at 18°. 

Therefore it appears that one of the best methods to increase the 
viscosity of cream is to store the milk at a low temperature for at 
least 12 hours before separation. This is in accord with the work of 
Dahlberg and Hening (<§), who found that it was possible, by con- 
trolling the extent of fat clumping before separation, to produce raw 
cream that resembled ordinary pasteurized cream, or to produce raw 
cream that had about 10 times the viscosity that ordinary pasteurized 
cream has after aging. They further found that it was possible to 
produce cream from pasteurized milk that resembled very viscous 
raw cream. Pyne and Lyons (15) obtained the same or better results 
by storing cream at a low temperature and then reseparating it. 

EFFECT OF PASTEURIZING BEFORE  SEPARATING 

The effect that pasteurizing milk before it is separated has upon the 
viscosity of the cream depends upon the manner of handling the 
pasteurized milk. Cream with a butterfat content of 30 per cent from 
milk pasteurized and separated without cooling had a relative vis- 
cosity, at 24 hours of age, 8.85 per cent lower at 5° C, and 9.24 per 
cent lower at 10° than similar cream separated from similar milk at 
26° and pasteurized after being separated. After aging for 48 hours, 
the cream from the milk pasteurized before being separated had a 
relative viscosity 9.56 per cent and 8.06 per cent lower at 5° and 10°, 
respectively, than the cream pasteurized after it was separated. 

Cream with a butterfat content of 30 per cent from milk pasteurized 
and rapidly cooled (by use of a surface cooler) to a separating tern- 
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perature of 26"" C. had a relative viscosity at 24 hours of age 4.63 per 
cent lower at 5° and 4.24 per cent lower at 10° than cream separated 
from similar milk but pasteurized after being separated. After aging 
for 48 hours, the cream from the milk pasteurized before being sep- 
arated had a relative viscosity 4.07 per cent and 3.66 per cent lower 
at 5° and 10°, respectively, than the cream pasteurized after it was 
separated. 

Cream with a butterfat content of 30 per cent separated from milk 
pasteurized and cooled slowly (with cold water) in the vat before it 
was separated, to a separating temperature of 26° C. had a relative 
viscosity at 24 hours of age 5.75 per cent greater at 5°, and 7.56 per 
cent greater at 10° than cream separated from similar milk and 
pasteurized after it was separated. After aging for 48 hours the 
cream from milk pasteurized before it was separated had a relative 
viscosity 5.2 per cent and 6.07 per cent greater at 5° and 10°, re- 
spectively, than the cream pasteurized after it was separated. 

These results indicate that when milk is separated after pasteuriza- 
tion and a cream with good viscosity is desired, the milk should be 
cooled slowly with minimum agitation to the separating temperature. 
However, Dahlberg and Hening (8) have shown that cream of great 
viscosity can not be produced without giving the fat time to harden 
after pasteurization and before the milk is separated. 

EFFECT OF HOMOGENIZATION 

Homogenization increases the viscosity of cream. When cream 
with a butterf at content of 20 per cent was homogenized its viscosity 
was increased. The increase in viscosity was in direct relation to the 
pressure used for homogenization. (Table 8 and fig. 8.) Burgwald 
(6) and Webb and Holm (19) found that the feathering of cream 
is affected to a considerable extent by homogenization. Therefore 
when cream is homogenized for the purpose of increasing its vis- 
cosity, especially if the cream is to be used as coffee cream, care 
should be taken that the increase in viscosity is not obtained at the 
expense of increasing the feathering. 

TABLE 8.- -Eftect of homogenization upon the vimosity of cream with a J)utter- 
fat content of 20 per cent at 20° Û. 

4m. 

Homogenizing pressure 
(pounds per square inch) 

■'«Relative   viscosity 
of cream pasteur- 
ized and homog- 
enized at— Homogenizing pressure 

(pounds per square inch) 

Relative   viscosity 
of cream pasteur- 
ised and homog- 
enized at— 

62.5° C. 70° C. 62.5° C. 70° C. 

0 1.34 
1.41 
1.50 
1.77 

1.37 
1.39 
1.47 
1.55 

2,000                                -      2.07 
2.26 
2.70 

1.60 
500 _  .        2,500  1.69 
1,000 3,000  1.73 
1,500 

Doan (ii), Mortensen (i^), Mortensen, as reported by Curtiss (7), 
Evenson and Ferris (IS)^ Dahle and Martin (i>), Eeid and Moseley 
(76"), and others have called attention to the fact that homogeni- 
zation of cream and of ice-cream mixes causes not only a subdi- 
vision of the fat globules but also their aggregation into clumps. 
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In a microscopic study of homogenized cream made by the writer, 
homogenizing at a pressure of 500 pounds per square inch not only 
broke up the individual fat globules but caused a wide dispersion of 
the newly formed globules. When the pressure was increased to 
1,000 pounds per square inch the fat globules were broken up to a 
greater extent, and many of the dispersed globules were brought 
together into small clumps, most of which consisted of two to four 
globules. As the pressure increased the clumps increased in size, 
and the number and size of the individual globules became smaller. 
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FIGURE 8.- -Effect of homogenization upon the viscosity of pasteurized cream with a 
butterfat content of 20 per cent 

At about 2,500 pounds pressure the clumps reached maximum size. 
Increasing the pressure above this point had a tendency not only 
to diminish the number of individual globules but also to break up 
the larger clumps into smaller ones, and when 4,000 pounds pressure 
was applied a large percentage of the globules were in dense, 
medium-sized clumps.    (Pis, 5 to 10, inclusive.) 

EFFECT OF HOMOGENIZING TEMPERATURE 

The temperature at which cream is homogenized affects its viscos- 
ity.    When pasteurized cream with a butterfat content of 20 per cent 
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was homogenized at a constant pressure, but at temperatures vary- 
ing from 50° to 88° C, its relative viscosity varied with the tempera- 
ture. The lower the temperature at which the cream was homo- 
genized, the higher was the viscosity. When different samples of 
the cream were pasteurized at the same temperatures as those at 
which they were homogenized, as the temperature was increased the 
relative viscosity decreased until it was at its minimum at 70°, and 
then increased with a further rise in the homogenizing temperature. 
When the cream was pasteurized at a constant temperature of either 
62.5° or 80° and the homogenizing temperature was varied, the 
maximum viscosity in both cases was obtained at the lowest homo- 
genizing temperature. However, the higher pasteurizing tempera- 
ture, 80°, gave a lower maximum viscosity than did the lower 
temperature, 62.5°. This indicates that the relative viscosity of 
homogenized cream is slightly affected by the temperature at which 
it was pasteurized. For the constant pasteurizing temperatures 
used, the homogenizing temperature at which the lowest viscosity 
resulted ranged from 70° to 80°. Raising the temperature of 
homogenization to 88° increased the relative viscosity above the 
minimum.    (Table 9 and fig. 9.) 

TABLE 9.- -Effect of homoffenizififf temperature wpon the viscosity of pasteurized 
creaan with a hutterfat content of 20 per cent 

Relative viscosity of— 

Homogenizing temperature (°C.) 

Cream 
pasteurized 
at homog- 

enizing 
tempera- 

ture; 
homog- 

enized at 
3,000 

pounds 

Cream 
pasteurized 
at homog- 

enizing 
tempera- 

ture; 
homog- 

enized at 
2,000 

pounds 

Cream 
pasteurized 
at 62.5° C; 

homog- 
enized at 

2,000 
pounds 

Cream   ' 
pasteurized 
at 80° C; 
homog- 

enized at 
2,000 

pounds 

50                   _- 4.6 
3.6 
2.1 
2.3 
3.1 

3.3 
2.6 
1.6 
1.8 
2.1 

3.2 
2.6 
2.0 
1.7 
1.9 

2.9 
62.5 2.4 
70  2.0 
80 1.8 
88  2.0 

In determining the temperature at which cream should be homog- 
enized, the fact that the stability of homogenized cream is in indi- 
rect proportion to its viscosity, as has been reported by Webb and 
Holm (^^), should not be overlooked. 

In the present work a microscopic study of cream homogenized 
at different temperatures from 50° to 88° C. showed that the clump- 
ing of the fat globules was affected by the temperature of homoge- 
nization. The greater degree of clumping took place at the lower 
homogenizing temperatures. With rise in temperature the degree 
of clumping diminished until the point was reached where the vis- 
cosity was the lowest, and at this point the fat globules were widely 
dispersed, but with further rise in temperature the degree of clump- 
ing increased.   (Pis. 11 to 15, inclusive.) 
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EFFECT   OF   REHOMOGENIZATION 

The viscosity of homogenized cre^im is lowered by rehomogeniza- 
tion. The relative viscosity of cream with a butteriat content of 20 
per cent, homogenized at a temperature of 62° C. and a pressure of 
2,000 pounds was lowered 18.42 per cent by rehomogenization at the 
same temperature and pressure. 
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-Effect of liomogenizing. temperature upon the viscosity of 20 per cent 
cream homogenized at 2,000 pounds per square inch 

A miscroscopic study of the fat globules in the processed creams 
showed that upon rehomogenization of the cream many of the 
clumps due to homogenizing were broken up when the cream was 
homogenized a second time.    (Pis. 16 and 17.) 

EFFECT OF SOLIDS NOT FAT 

Dahlberg and Hening (6*) found that small variations in the milk 
solids not fat in cream did not materially affect viscosity. Doan (^12), 
however, reported that the ratio of the amount of plasma solids to 
the amount of fat in the mixtures processed is a limiting factor in 
the fat-clumping phenomenon. 

The work of the writer indicates that the viscosity of cream is 
affected by the percentage of solids not fat present. When cream 
with a butterf at content of 36 per cent was standardized to a butter- 
fat content of 20.5 per cent with skim milk, water, or evaporated 
skim milk, so as to vary the percentage of solids not fat, the vis- 
cosity of the cream also varied.   The lower the percentage of solids 
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TWENTY    PER   CENT   CREAM    PASTEURIZED   AT   50°   C.    AND    HOMOGENIZED   AT 
3,000   POUNDS   PRESSURE  PER SQUARE   INCH   AT 50° C.     X  500 
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CREAM CONTAINING 20.5 PER CENT BUTTERFAT. AND 4.14 PER CENT SOLIDS NOT 
FAT, HOMOGENIZED AT 3,000 POUNDS PRESSURE PER SQUARE INCH,    X 500 
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not fat the lower was the relative viscosity. As the percentage of 
solids not fat was increased the relative viscosity increased. The in- 
crease in relative viscosity was gradual until the percentage of solids 
not fat reached normal, but above the normal percentage of solids 
not fat the increase was more rapid.   This was true especially when 

TABLE 10.—Effect of solids not fat upon the viscosity of cream ivith a hutterfat 
content of 20.5 per cent 

Eelative viscosity at 

Solids 

20° C .of— 

Cream 
not fat preheated 

(per cent) Cream to 80° C, 
preneated and homog- 
to 80° C. enized 

at 3,000 
pounds 

2.95 1.25 1.44 
4.14 1.30 1.50 
6.29 1.39 1.62 
8.80 1.58 2.20 

11.40 1.84 2.71 

M I I M I I I M I I I I I 11 
'/^¡ejFMe^rj^^ r^p e¿?h 

'^'^'^/='^£'//áí>¿^r^/P TC? SÛ V,//U/f¿7(P£/^/Z£P S,ûé?Û/^¿//Vl^S 

s.o 

FIGURE 10.- 
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-^Effect of solids not fat upon the viscosity of cream with a butterfat 
content of 20.5 per cent 

the cream was homogenized. The relative viscosity of the homoge- 
nized cream was markedly greater when the percentage of solids not 
fat was above normal.    (Table 10 and fig. 10.) 

A microscopic study of the fat globules in cream with the same 
butterfat content, but with various percentages of solids not fat, 
showed a variation in the degree of clumping. This variation was 
noticeable in the homogenized cream particularly. (Pis. 18 to 21, 
inclusive.) 
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CONCLUSIONS 

There are a number of factors which may affect the viscosity of 
cream, but those which affect the fat phase are probably the more 
important, because any factor which affects the clumping of fat 
globules affects the viscosity of cream. 

The viscosity of cream increases as the butterfat content is in- 
creased.   It also increases as the temperature is lowered. 

The viscosity of cream is lowered by pasteurization. The tempera- 
ture of pasteurization, however, has but little effect upon the vis- 
cosity. Pasteurized cream increases in viscosity with age, but not 
to so great an extent as does raw cream. The greatest increase in 
viscosity (in the case of either pasteurized or raw cream) takes place 
during the first 24 hours of aging, and at 48 hours the maximum is 
approached. When the cream is homogenized there is practically no 
increase in viscosity, and when cream is both pasteurized and homo- 
genized there is no increase in viscosity with age. 

The increase in viscosity with age is accompanied by an increase 
in the amount of clumping of the fat globules. 

The viscosity of gravity-separated cream is higher than that of 
centrifugally separated cream. 

Standardizing cream to a specific butterfat content has practically 
no effect on its viscosity. 

The freezing of cream lowers it viscosity. The viscosity of cream 
which has been frozen is not restored with age. 

Acidity, unless in excess of 0.3 per cent, has but a slight effect on 
the viscosity of cream. 

Raw or pasteurized cream that has been cooled slowly has a higher 
viscosity than raw or pasteurized cream that has been cooled rapidly. 

The lower the separating temperature, the higher the viscosity of 
cream. 

When the milk is held in storage before it is separated the viscosity 
of the cream is affected by the length of time in storage and the 
temperature during storage. When storage was at 4° C. the viscosity 
was increased more than when storage was at 18°. Storing the milk 
for 12 hours resulted in higher viscosity than storing for only 3 
hours. 

Cream from milk pasteurized before being separated has a lower 
viscosity than when the cream is separated and then pasteurized, 
unless the pasteurized milk is cooled slowly before being separated. 

Homogenization of cream increases its viscosity. The increase in 
viscosity is in direct relation to the homogenizing pressure. 

The increase in viscosity due to homogenizing at a given pressure 
depends upon the temperature at which the cream is homogenized. 

Rehomogenization of cream lowers its viscosity. 
The viscosity of cream increases as the percentage of solids not fat 

increases.   This is true especially with homogenized cream. 
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